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forming succesaively an LED die and A |,

second electrode on a substrate = 1

patterning a baclosurtace of the substrate to

orm inverted trapezotdal contact holes
which expose the LED die e

filling the contact holes to form a first
electrode with conductive material fill the

backtace of the substrate 15 covered by 1:171|Es_~—”"‘5‘~3

conductive matenial
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torming a hard mask on the backtace off

the substrate; sal

etching the backtace of the substrate

using the hard mask as an etching mask, to

torm  a plurality of inverted trapezoidall—">

S
contact holes until the LED die1s exposed;

|
retnoving the hard mask S0
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1

LIGHT EMITTING DIODE AND A
MANUFACTURING METHOD THEREOLF, A
LIGHT EMITTING DEVICE

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

The present application 1s a divisional application claiming,
priority to U.S. patent application Ser. No. 13/129,386 filed
May 13, 2011, which 1s a national stage application of PC'1/
CN2010/080652, filed Dec. 31, 2010, which claims priority
to Chinese Patent Application No. 201010338428.3, entitled
“A light emitting diode and a manufacturing method thereof,
a light emitting device™, and filed Nov. 9, 2010, the complete
disclosures of which are expressly incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates to semiconductor technology,
and particularly relates to a light emitting diode and a manu-
facturing method thereof, and a light emitting device.

BACKGROUND OF THE INVENTION

A light emitting diode (LED) 1s a semiconductor device
which 1s activated by current to generate light of various
colors. The I1I-V compound semiconductors, such as gallium
nitride (GalN), which have wide band gap, high luminous
elficiency, high electron saturation drift velocity, and stable
chemical properties, have great application potential 1n high-
brightness blue light emitting diodes, blue laser and other
optoelectronic devices areas, and have aroused wide atten-
tion.

However, semiconductor light emitting diodes have low
luminous eificiency in the prior art. As for light emitting
diodes without package, the luminous efliciency 1s only a few
percent. A lot of energy inside the device can not be sent out,
thereby not only causing energy waste, but also affecting
lifetime of the device. Therefore, it 1s of key importance to
improve the luminous etficiency of semiconductor light emat-
ting diodes.

Because of the above application requirements, a plurality
of methods for improving the luminous efliciency of semi-
conductor light emitting diodes have been applied in device
structure, for example, surface roughness, Metal retlector
structure, and so on. Chinese patent publication No.
CNI1838918A discloses a kind of light emitting diodes and
the under surface of the light emitting diodes forms an omni-
directional retlector structure, whereby the luminous effi-
ciency of the light emitting diodes 1s improved. However, the
method disclosed 1n this prior art needs to form a film com-
prising a plurality of high refractive index layers and low
refractive index layers stacked on the substrate, of which the
manufacturing process 1s very complex.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a light
emitting diode having high luminous efficiency.

To achieve the object, the present invention provides a light
emitting diode, comprising: a first electrode adapted for con-
necting the LED and a negative electrode of a power supply,
a substrate set on the first electrode and an LED die set on the
substrate. A plurality of contact holes are formed extending
through the substrate and the diameter of upper parts of the
contact holes 1s less than the diameter of lower parts of the
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contact holes. The contact holes are filled with electrode
plugs which are for connecting the first electrode and the LED
die.

Accordingly, the present invention provides a light emiat-
ting device which comprises a light emitting diode described
above, wherein the light emitting device further comprises a
susceptor and the LED 1s mounted on the susceptor.

Accordingly, the present invention provides a method for
manufacturing the LED, comprising: forming successively
an LED die and a second electrode on a substrate; patterning
a back surface of the substrate to form inverted trapezoidal
contact holes which expose the LED die; and filling the con-
tact holes with conductive material t1ll the back face of the
substrate 1s covered by the conductive material.

In comparison with conventional technologies, the present
invention has the following advantages:

1. The contact holes are formed 1n the substrate and the first
clectrode 1s connected to the LED die through the electrode
plugs formed 1n the contact holes, which reduces the current
density, thus reducing the auger recombination and improv-
ing the internal quantum etficiency of the LED;

2. The diameter of upper parts of the contact holes 1s less
than the diameter of lower parts of the contact holes and a
sidewall of the substrate 1s adapted for reflecting the light
emitting from the LED die to a light exiting surface of the
LED, which improves the luminous efficiency of the LED.

3. It 1s unnecessary for the method described above to form
a multilayer film, therefore the manufacturing method is rela-
tively easy to implement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a light emitting device 1n the
first embodiment:

FIG. 2 1s a flow chart of a method for manufacturing a light
emitting diode 1n the first embodiment;

FIG. 3 to FIG. 8 are sectional views of an embodiment of an
LED formed by the method for manufacturing an LED 1n the
present invention;

FIG. 9 15 a flow chart of the step S2 1n the first embodiment
according to the method shown 1n FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereunder, the present invention will be described 1n detail
with reference to embodiments, 1n conjunction with the
accompanying drawings.

Although the present invention has been disclosed herein-
alter as above with reference to preferred embodiments 1n
details, the present mvention can be implemented 1n other
embodiments which are different. Therefore, the present
invention should not be limited to the embodiments disclosed
here.

As taught 1n the background of the invention, in order to
improve the luminous efficiency of semiconductor light emiat-
ting diodes, the method disclosed in the prior art needs to
form a film comprising a plurality of high refractive index
layers and low refractive index layers stacked on the sub-
strate, and the production process of the film 1s very complex.

In order to solve this problem, the present invention pro-
vides a light emitting device comprising a light emitting
diode. The light emitting diode comprises: a first electrode
adapted for connecting the LED and a negative electrode of a
power supply, a substrate set on the first electrode and an LED
die set onthe substrate. A plurality of contact holes are formed
passing through the substrate, and the diameter of upper parts
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ol the contact holes 1s less than the diameter of lower parts of
the contact holes. The contact holes are filled with electrode
plugs which are for connecting the first electrode and the LED
die. The first electrode 1s connected to the LED die through a
plurality of electrode plugs formed 1n the contact holes, which
reduces current density and Auger recombination, thereby
improving the internal quantum efliciency and increasing the
luminous efficiency of the LED.

FIG. 1 1s a schematic view of a light emitting device in the
first embodiment. The light emitting device comprises a sus-
ceptor 101 and an LED 109 set on the susceptor, wherein the
susceptor comprises an 1nstallation pit for accommodating
the LED 109. An angle 0 formed by a sidewall of the instal-
lation pit and a bottom wall of the installation pit ranges from
130° to 150°. The sidewall of the installation pit 1s adapted for
reflecting the light emitting from the LED 109 to a light
exiting surface of the LED 109, which improves the luminous
cificiency of the light emitting device.

The susceptor 101 uses conductive material having good
heat dispersion characteristics, which can disperse the heat
from the LED and electrically connect the LED 109 and the
negative electrode of a power supply.

Specifically, the susceptor 101 1s made from materials such
as silicon or aluminium, etc. The diameter of upper parts of
the contact holes 1s 4 um, and the diameter of lower parts of
the contact holes 1s 2 um. The 1nstallation pit has a large upper
contact hole and a small bottom contact hole, which guaran-
tees that the angle 0 formed by the iner sidewall of the
installation pit and the bottom wall of the installation pit 1s
130°~150° and the sidewall of the installation pit reflects light
emitted form LED to light exiting surface of the light emitting
device.

Preferably, the susceptor 101 also connects a first lead,
which 1s used to connect the susceptor 101 to the negative
clectrode of the power supply.

The LED 109 1s positioned in the installation pit of the
susceptor 101. The LED 109 includes: a first electrode 102, a
substrate 103 located on the first electrode 102, an LED die
located on the substrate 103, and a second electrode 108
located on the LED die.

The first electrode 102 1s positioned on the bottom of the
installation pit of susceptor 101. The first electrode 102 1s
used to electrically connect the LED 109 and a negative
clectrode of the power supply. Specifically, the first electrode
102 1s made from conductive metals, such as titanium, alu-
minum or gold, etc. Optionally, the first electrode 102 covers
the sidewall of the susceptor 101, which increases the contact
area of the first electrode 102 and the susceptor 101, thereby
achieving good electrical connection.

A plurality of contact holes which extends through the
substrate 103 are formed 1n the substrate 103. Electrode plugs
104 are formed 1n the contact holes, which are used to connect
the first electrode 102 to the LED die. Specifically, the sub-
strate 103 1s made up of sapphire, and the electrode plugs 104
are made up of conductive metals, such as titantum, alumi-
num or gold, etc. The contact holes are evenly distributed in
the substrate 103. The electrode plugs 104 are adapted for
connecting the first electrode 102 to the LED die, which
reduce the current density and auger recombination, thus
improving the internal quantum efficiency and luminous eifi-
ciency of the LED.

The LED die 1s above the contact holes, and the first elec-
trode 102 1s below the contact holes. The cross section of the
contact holes 1s trapezoidal, and the diameter of upper parts of
the contact holes 1s less than the diameter of lower parts of the
contact holes. According to this embodiment, the diameter of
lower parts of the contact holes ranges from 5 um to 20 um.
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The diameter of upper parts of the contact holes 1s less than
the diameter of lower parts of the contact holes, which guar-
antees that the sidewalls surrounding the contact holes form a
certain degree with respect to the bottom surface of the con-
tact holes, and the sidewalls reflect light emitted form LED
die to light exiting surface of LED, which improves the lumi-
nous eificiency of the LED.

An n-type semiconductor layer 105, an active layer 106 and
a p-type semiconductor layer 107 which are successively
located on the substrate 103 and the builer layer 104 consti-
tute the LED die. The material of the n-type semiconductor
layer 105 1includes n-type gallium nitride, and the active layer
106 includes multi-quantum well active layer. Specifically,
the material of the multi-quantum well active layer includes
InGaN, and the material of the p-type semiconductor layer

107 includes p-type gallium nitride.
The second electrode 108 1s located on the LED die, which

1s used to electrically connect the LED 109 and a positive
clectrode of the power supply. Specifically, the second elec-
trode 108 1s made from conductive metals, such as nickel or
gold, etc. Preferably, the second electrode 108 1s connected
with a second lead; the second lead 1s used to connectthe LED
109 to the positive electrode of the power supply.

Preferably, the light emitting device further includes a lens
structure 110, which covers the LED and 1s adapted for con-
verging light emitted from the LED 109, thereby improving
the lightness of the light emitting device. Preferably, the lens
structure 110 fills the gap between the LED 109 and the
susceptor 101. Specifically, the lens structure 110 converges
the light emitted from the LED (shown as light path B), the
light emitted from the LED die and retflected by the sidewall
of the susceptor, or reflected by the first electrode (shown as
light path A), and the light emitted from the LED die and
reflected by the sidewalls of the inverted trapezoidal compo-
nents of the substrate (shown as light path C), thus improving
the lightness of the light emitting device.

The light emitting device further includes fluorescent pow-
der (now shown) covering the lens structure, which 1s used for
emitting white light. Specifically, for blue-light LED, the
fluorescent powder 1s YAG fluorescent powder including
Cel+.

There 1s also provided a method for manufacturing an LED
in the present invention. FIG. 2 1s a flow diagram of an
embodiment of the method for manufacturing an LED. The
method 1ncludes:

S1, forming on a substrate an LED die and a second elec-

trode successively;

S2, patterning a back surface of the substrate to form
iverted trapezoidal contact holes which expose the

LED die;

S3, filling the contact holes with conductive material till the
back face of the substrate 1s covered by the conductive
material.

FIG. 3 to FIG. 8 are sectional views of an embodiment of an
LED formed by the method for manufacturing an LED 1n the
present invention; each step 1s described below 1n more detail
in conjunction with the accompanying drawings.

Referring to FIG. 3, 1n step S1, the substrate 1s sapphire.
Specifically, by using a Metal-organic Chemical Vapor Depo-
sition (MOCVD) process, an n-type semiconductor layer
207, an active layer 208 and a p-type semiconductor layer 209
are deposited on a substrate 201. The n-type semiconductor
layer 207, the active layer 208 and the p-type semiconductor
layer 209 constitute the LED die. The material of the n-type
semiconductor layer 207 includes n-type gallium nitride, and
the active layer 208 includes multi-quantum well active layer.
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Specifically, the material of the multi-quantum well active
layer includes InGalN, and the material of the p-type semi-
conductor layer 107 includes p-type gallium nitride.

Referring to FIG. 4, still 1n step S1, a second electrode 1s
tformed 1n the LED die. The second electrode includes nickel
or gold, and 1s formed through a Physical Vapor Deposition
process or an E-gun evaporation process.

Preferably, before performing the step S2, a thickness
reduction process 1s performed on the back face of the sub-
strate 201. Specifically, the thickness reduction process 1s

chemical mechanical polishing (CMP). The thickness of the
substrate 201 1s reduced to 20~350 nm. The thickness reduc-
tion process which reduces the thickness of the substrate 201
benefits the later patterming process, and makes the substrate
201 ecasy for patterning.

Referring to FIG. 9, which 1s a flow diagram of a preferable
embodiment of the step S2 in FIG. 2, the step S2 includes:

S21, forming a hard mask on the back face of the substrate;

S22, etching the back face of the substrate using the hard

mask as an etching mask, to form a plurality of inverted
trapezoidal contact holes until the LED die 1s exposed;

523, removing the hard mask.

Referring FIG. 6, step S21 includes: depositing hard mask
material on the back face of the substrate 201, and then
patterning the hard mask material by photo-etching and etch-
ing to form a hard mask 206. Specifically, the hard mask 206
1s made from silicon dioxide.

Referring to FIG. 7, step S22 includes: wet etching the
substrate 201 from the back face ofthe substrate 201 using the
hard mask 206 as an etching mask to form a plurality of
inverted trapezoidal contact holes on the regions not covered
by the hard mask 202, until the LED die 1s exposed by all the
contact holes. Specifically, the substrate 1s sapphire, and an
anisotropic etching i1s performed to the sapphire substrate
with a mixed solution of sulfuric acid and phosphoric acid.

It should be noted that the solution used 1n wet etching has
a high selection ratio to the substrate 201, to avoid etching the
hard mask 206. Specifically, the substrate 201 1s a sapphire
substrate (aluminum oxide), the hard mask 206 1s silicon
dioxide, and the substrate 201 1s etched with a mixed solution
of sulfuric acid and phosphoric acid, which has a small cor-
rosive action upon silicon dioxide.

In step S23, the hard mask 206 includes silicon dioxide and
1s removed with hydrofluoric acid solution.

As for the step S1, preferably, adjacent hard mask patterns
in the hard mask 206 have an interval of 0.1~10 um, and the
depth of the contact hole 1s the same as the substrate 201.
Specifically, the depth of the contact holes ranges form 20 um
to 50 um; the diameter of lower parts of the contact holes
ranges form 5 um to 20 um.

Referring to FIG. 8, 1n step S3, the contact holes are filled
and filled up with conductive material by Physical Vapor
Deposition (PVD); and a conductive material layer 1s formed
overlying the back face of the substrate, which forms a first
clectrode 202. The conductive material filled 1n the contact
holes forms electrode plugs of the first electrode 202. The first
clectrode 202 electrically connects to the n-type semiconduc-
tor layer 207 through the electrode plugs. Specifically, the
conductive material 1s conductive metal, such as titanium,
aluminum or gold, etc.

The method for manufacturing an LED 1s finished.

The method for manufacturing a light emitting device
which includes an LED further includes steps: providing a
susceptor, the susceptor including an installation pit; and
fixing an LED on the bottom of the installation pit of the
susceptor, in a way that the first electrode 1s connected with
the bottom of the installation pit. The mner side wall and a
bottom of the installation pit forms an angle of 130°~150°,
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which iner side wall reflects light from the LED, thus
improving the luminous efficiency of the LED. The susceptor
1s made from conductive material having good heat disper-
sion characteristics, such as silicon or aluminium. The dimen-
s1ion of the upper opening of the 1nstallation pit 1s 4 um, and
the dimension of the bottom opening of the installation pit 1s
2 um.

The method for manufacturing a light emitting device fur-
ther includes: forming a lens structure covering the second
clectrode. Preferably, the lens structure 1s formed covering
the second electrode and filling the gap between the LED and
the susceptor. The lens structure converges the light emitted
from the LED.

The method for manufacturing a light emitting device fur-
ther includes: coating the lens structure with fluorescent pow-
der, which 1s used to emit white light. For blue-light LED, the
fluorescent powder 1s YAG fluorescent powder including
Ce3+, which 1s used to emit white light.

Preferably, the method for manufacturing a light emitting,
device further includes: coating the sidewalls with conductive
material, and the conductive material 1s connected to the first
clectrode (as shown 1n FIG. 1), which increases the contact
areas of the first electrode and the susceptor, thereby achiev-
ing good electrically connection.

The method for manufacturing a light emitting device fur-
ther includes: providing a first lead which connects the sus-
ceptor to the negative electrode of a power supply, and pro-
viding a second lead which connects the second electrode to
the positive electrode of a power supply.

A light emitting device has been manufactured.

The method provided in the present ivention 1s easy to
implement.

Although the present invention has been disclosed as above
with reference to preferred embodiments thereof but will not
be limited thereto. Those skilled 1n the art can modity and
vary the embodiments without departing from the spirit and
scope of the present invention. Accordingly, the scope of the
present invention shall be defined 1n the appended claims.

What 1s claimed 1is:

1. A method for manufacturing an LED comprising:
forming successively an LED die and a second electrode on

a substrate, wherein the substrate 1s sapphire;
patterning a back surface of the substrate to form mnverted

trapezoidal contact holes which expose the LED die; and
filling the contact holes with conductive material until the

back face of the substrate 1s covered by the conductive
material;
wherein patterning a back surface of the substrate to form
inverted trapezoidal contact holes which expose the
LED die comprises:

forming a hard mask on the back face of the substrate,

wherein the hard mask 1s silicon dioxide:

performing an anisotropic etching to the upper surface of

the sapphire substrate with a mixed solution of sulfuric
acid and phosphoric acid using the hard mask as an
etching mask to form a plurality of inverted trapezoidal
contact holes until the LED die 1s exposed; and
removing the hard mask with a hydrofluoric acid solution.

2. The method for manufacturing an LED of claim 1,
wherein belfore patterning the back surface of the substrate,
the method further comprises a thickness reduction process of
the substrate from the back face of the substrate.

3. The method for manufacturing an LED of claim 1,
wherein a step of {illing the contact holes with conductive
material comprises: filling the contact holes with conductive
material by physical vapor deposition.
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